Structural brain abnormalities in individuals with posttraumatic stress disorder (PTSD) and major depression show a marked overlap, Thus, meta-analyses of structural magnetic resonance imaging (MRI) studies on individuals with both PTSD and unipolar depression have consistently identified reductions in hippocampal size relative to healthy controls. [1] [2] [3] This overlap is hard to interpret since PTSD and depression have a number of symptoms in common and are frequently comorbid. 4 For example, in one study, reduced hippocampal size was found only in depressed individuals if they also reported early childhood trauma, but two-thirds of this group had comorbid PTSD. 5 For these reasons, it is not known at present to what extent structural changes found in patients with PTSD are accounted for by comorbid depression. The present study used voxel-based morphometry (VBM) to test directly to what extent there are commonalities in brain volume reductions and whether there is evidence for structural changes that are unique to one or the other disorder.
Introduction
Structural brain abnormalities in individuals with posttraumatic stress disorder (PTSD) and major depression show a marked overlap, Thus, meta-analyses of structural magnetic resonance imaging (MRI) studies on individuals with both PTSD and unipolar depression have consistently identified reductions in hippocampal size relative to healthy controls. [1] [2] [3] This overlap is hard to interpret since PTSD and depression have a number of symptoms in common and are frequently comorbid. 4 For example, in one study, reduced hippocampal size was found only in depressed individuals if they also reported early childhood trauma, but two-thirds of this group had comorbid PTSD. 5 For these reasons, it is not known at present to what extent structural changes found in patients with PTSD are accounted for by comorbid depression. The present study used voxel-based morphometry (VBM) to test directly to what extent there are commonalities in brain volume reductions and whether there is evidence for structural changes that are unique to one or the other disorder.
In addition to reduced hippocampal size, PTSD has been associated with reductions in the dorsal anterior cingulate cortex [6] [7] [8] [9] and insular cortex. 6, 10, 11 Differences in the rostral anter ior cingulate cortex (ACC) have also been reported, 10, 12 although one study suggested that apparent differences in the latter were more a reflection of shape than volume. 11 In addition to a smaller ACC, a meta-analysis 1 found evidence for a reduction in the left amygdala of adult patients with PTSD and in the frontal/prefrontal cortex (but not the hippocampus) of pediatric patients with PTSD. As such, it has been suggested that PTSD is associated with abnormalities in multiple frontal-limbic structures. Studies of unipolar and psychotic depression have similarly found reduced volume in several regions of the ACC, 13, 14 and more specifically in the subgenual ACC. [15] [16] [17] [18] [19] [20] Other areas of reduced grey matter concentration or reduced volume include the amygdala, 18, [20] [21] [22] orbitofrontal cortex, 13, 23, 24 thalamus, 24 ,25 striatum 25, 26 and several other prefrontal areas. 14 Understanding these similar sets of results in both diagnoses is made difficult by the fact that there is typically a high level of comorbidity between PTSD and other anxiety disorders, particularly with depression. Any attempt to identify "pure" cases of PTSD would therefore result in a small, highly unrepresentative sample. 27 Another complication is that because of a substantial degree of overlap in the diagnostic criteria, many of these comorbidities may be more apparent than real. Attempts to control for comorbidity risk removing effects that are actually those of interest. Our strategy, based on our previous work, 28 was therefore to compare patients with PTSD regardless of comorbid depression with a similar group who met criteria for unipolar depression in the absence of PTSD. Our intention was to have 2 groups typical of those seen in clinical practice, matched as closely as possible on all relevant variables, e.g., severity of depression, use of antidepressants and early trauma, and differing only in the presence or absence of PTSD. A third, psychiatrically healthy, group provided a control for the effects of trauma exposure.
We hypothesized that there would be decreased grey matter volume in fronto-limbic structures and specifically the hippocampus and ACC in both clinical groups compared with the control group. Previous research has suggested the existence of more subtle structural effects relevant to psychopathology, independent of overall differences in volume, such as a correlation between self-reported anxiety and hippocampal volumes in depressed patients and healthy controls. 29 Both self-reported anxiety and depression are likely to be elevated, relative to controls, in patients with PTSD and major depressive disorder. We sought to investigate whether any group differences in brain structure were accounted for by current levels of anxiety and depression and whether, independent of overall difference in volume, correlations between brain structure and self-reported anxiety and depression differed in patients with depression and those with PTSD. To improve the sensitivity of VBM, we used the DARTEL algorithm, an improved registration method applied to one of the preprocessing steps, which has recently been developed within SPM. A study with acutely depressed patients confirmed that VBM-DARTEL was more sensitive than standard VBM in detecting hippocampal abnormalities.
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Methods
Participants
T 1 -weighted MRI scans from participants were collected as part of 2 functional MRI studies. We recruited participants who were right-handed; were under age 50 years; were not currently abusing substances; and had no history of head injury, neurologic disorders or other major medical conditions. The PTSD group met diagnostic criteria for current PTSD when assessed with the Structured Clinical Interview for DSM-IV (SCID). 31 The major depression group met diagnostic criteria for current major depressive disorder but not for PTSD when assessed with the SCID. The trauma control group did not meet diagnostic criteria for any psychiatric disorder when assessed with the SCID, and were not currently taking any psychotropic medication. All participants gave written informed consent, and all procedures were approved by the National Hospital for Neurology and Neurosurgery and Institute of Neurology Joint Research Ethics Committee, London, UK.
Measures
The Beck Anxiety Inventory (BAI) 32 is a widely used self-report measure of the severity of physiologic and cognitive components of anxiety. It contains 21 items that are scored on a 4-point scale (possible range 0-63). We instructed participants to rate their moods during the week preceding the study.
The Beck Depression Inventory-II (BDI) 33 is a widely-used 21-item self-report measure of depression severity. It contains 21 items that are scored on a 4-point scale (possible range 0-63). We instructed participants to rate their moods during the week preceding the study.
The Post-traumatic Diagnostic Scale (PDS) 34 is a widelyused 17-item measure for use after a specific traumatic event. It assesses the frequency with which each symptom of PTSD has been experienced over the past month. Items are scored on a 4-point scale (possible range 0-51).
MRI acquisition
T 1 -weighted images were acquired on a Siemens 1.5-T Sonata whole-body scanner (Siemens Medical Systems), using a whole-body coil for radiofrequency transmission and a head coil for signal reception. Whole-brain structural scans were acquired using a modified driven equilibrium Fourier transform sequence 35 with optimized parameters as described in the literature. 36 For each volunteer, we acquired 176 sagittal partitions with an image matrix of 256 × 224 (read × phase). Two-fold oversampling was performed in read direction (head-foot direction) to prevent aliasing. The isotropic spatial resolution was 1 mm. Relevant imaging parameters were as follows: repetition time 12.24 ms, echo time 3.56 ms, inversion time 530 ms, bandwidth 106 Hz/Px, flip angle 23°. The total duration was 12 minutes. Spin tagging in the neck was performed to avoid flow artifacts in the vicinity of blood vessels. The flip angle of the tagging pulse was set at 110° to account for B1 losses in the neck. Special radiofrequency excitation pulses were used to compensate for B1 inhomogeneities of the transmit coil in superior-inferior 37 and anterior-posterior 38 directions. We reconstructed images by performing a standard 3-dimensional Fourier transformation, followed by modulus calculation. No data filtering was applied either in k-space or in the image domain.
MRI processing
T 1 -weighted image registration was achieved using the diffeomorphic registration algorithm implemented in the DARTEL toolbox 39 for SPM5 (Wellcome Trust Centre for Neuroimaging), which has been found to optimize the sensitivity of such analyses. 30, 40 First, the anatomic images were manually reoriented so that the mm coordinate of the anterior commissure matched the origin (0, 0, 0), and the orientation approximated Montreal Neurological Institute (MNI) space. Next, T 1 -weighted images were classified into grey matter, white matter and cerebrospinal fluid (CSF) using the segmentation routine implemented in SPM5 applying standard settings. The resulting parameter files were imported into the DARTEL procedure to produce rigidly aligned grey and white matter tissue classes resliced to 1.5 × 1.5 × 1.5-mm voxel size. After the affine transformation, we used the rigidly aligned tissue class images to estimate the nonlinear deformations to best align all images. During this estimation stage, DARTEL iterates between building a template and registering tissue class images using the template. We used the resulting flow fields, which specify the parameterized deforma tions, to warp white and grey matter images for each participant. The spatially normalized images were rescaled by the Jacobian determinants of the deformations, using 64 time points for solving the partial differential equations. Seventh-degree B-spline interpolation was used when writing the normalized images. To obtain meaningful coordinates of volume alterations, the final DARTEL template was normalized to MNI space and the resulting deformations applied to the grey matter images of each participant using a Matlab script downloaded from the SPM email list (https ://www .jiscmail.ac.uk/cgi-bin /wa .exe ?A2 =ind0807 &L = SPM &P =R34150%20032749). Finally, the images were smoothed using an 8 × 8 × 8-mm Gaussian kernel. The input features for the subsequent analysis were the smoothed, modulated and normalized grey matter images.
Statistical analysis
Grey matter group differences were modelled using a factorial design with the factor group having 3 levels (PTSD, major depression, control). We followed up a significant main effect of group with comparisons between individual groups, inclusively masked with the results of the original group effect (at uncorrected mask p = 0.05) to avoid type-I errors. Measurements were assumed to be independent between levels, but variance was assumed to be unequal. Error covariance components were estimated by restricted maximum likelihood (REML) by SPM5 and used for inference and to adjust the degrees of freedom. We used absolute threshold masking at 0.05 to specify the voxels within the image volume that were to be assessed. As nonstationarity is problematic in cluster-level inferences in VBM data 41, 42 and requires adjustment of cluster sizes according to local smoothness of data, 41, 43 we adjusted our cluster-level results according to this method, as implemented in the VBM5 toolbox developed by C. Gaser (http://dbm.neuro.uni-jena.de/vbm/download/). Additionally, we created hippocampus and ACC region-ofinterest (ROI) masks using the PickAtlas toolbox 44 and applied them as small volume correction. For each region, 2 masks were created, 1 based on the Wake Forest University atlas and 1 based on the Anatomical Automatic Labeling (AAL) atlas. 45 To examine the explanatory power of the continuous measures of anxiety and depression, the above analyses were repeated, including the BAI and BDI as covariates, centred to the overall mean. Finally, to investigate differential effects of BAI and BDI on PTSD and depression, we converted the BAI and BDI scores to z scores for each group separately. We excluded the control group from this analysis as there were floor effects on the BAI and BDI and hence little explanatory variance for either measure. The z scores (with scores for 1 group reversed [i.e., times -1]) were then used to specify regressors testing the interaction of group (PTSD, major depression) with anxiety and depression, respectively, with effects thresholded at p < 0.001. We also controlled for the effects of group differences in antidepressant use in the analyses. To restrict type-I errors, significant interactions were saved as threshold images and used to inclusively mask explanatory analyses of the effects of the BAI and BDI within each group separately.
Results
Participants
The PTSD group consisted of 24 individuals (9 men) with a mean age of 35.9 (range 25-47) years. They had experienced a range of traumas, including exposure to traumatic death (n = 11), robbery/assault (n = 5), accidents (n = 1), abuse in childhood (n = 6) and other (n = 1). Ten were currently taking antidepressant medication. The major depression group consisted of 29 individuals (8 men) with a mean age of 33.4 (range 24-47) years. They reported exposure to traumatic death (n = 4), robbery/assault (n = 5) and abuse in childhood (n = 3). Twenty-two were currently taking antidepressant medication. The control group consisted of 29 individuals (13 men) with a mean age of 32.45 (range 21-49) years. They reported exposure to traumatic death (n = 13), robbery/ assault (n = 7), accidents (n = 7) and other (n = 2).
Demographic and symptom measures
The groups did not differ in sex composition, χ 2 2 = 1.87 (p = 0.39), or age, F 2,79 = 1.77 (p = 0.18). There were no group differences in estimated lifetime units of alcohol consumed, F 2,77 = 2.92 (p = 0.06), but the major depression group was significantly more likely than the PTSD group to be taking antidepressant medication, 
VBM group differences: combined clinical groups show reduced volume compared with the control group
The 1-way analysis of variance showed a significant overall effect of group. Tests did not indicate any significant differences in brain volume between the major depression and PTSD groups, and subsequent analysis therefore focused on the contrast between the combined clinical groups and the control group. As shown in Table 1 and Figure 1 , the clinical groups show clusters of decreased brain volume compared with controls in the middle portion of the cingulate cortex; in the medial prefrontal gyrus extending from the medial portions of the superior frontal gyrus at the precentral gyrus to the orbitofrontal cortex and ACC; and in an area within the right dorsolateral prefrontal cortex (DLPFC) spanning the middle frontal gyrus and superior frontal gyrus. Several 
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other areas are significant at the cluster level but fail to survive family-wise error (FWE) correction. Applying small volume corrections reveals an additional cluster of volumetric reduction in the ACC.
The BAI and BDI scores explain away volumetric reductions in combined clinical groups compared with the control group
To identify explanations for the observed volume reduction, we investigated morphologic differences between the combined clinical groups and the control group, controlling for individual scores on the BAI and BDI. These contrasts yielded no voxel-level significant results that survived FWE correction for the whole-brain volume. Additionally, no differences were found using small volume corrections for the ACC and hippocampus. Inclusion of continuous psycho pathology scores as a covariate thus explained away group differences.
Effect of group × BAI interaction
To investigate differences between the groups in correlations between brain structure and self-reported anxiety, independent of overall differences in brain volume, we tested the group (PTSD, major depression) × BAI interaction. This revealed a cluster, including anterior areas of the left inferior temporal gyrus and middle temporal gyrus spanning the temporal pole; a left-sided cluster, including the fusiform gyrus, lingual gyrus and cerebellar vermis; a right-sided cluster across the anterior inferior temporal gyrus and temporal pole; and a posterior cluster in the inferior temporal gyrus spreading to the middle temporal gyrus (Appendix 1, available at www.cma.ca/jpn). Several other areas were significant at the cluster level but failed to survive FWE correction. Further analysis of this interaction by assessing volumetric changes within each group individually, inclusively masked by the overall interaction effect, revealed that for the PTSD group, BAI scores were inversely associated with grey matter volumes in the fusiform gyrus, middle frontal gyrus, inferior temporal gyrus, transverse gyrus, cerebellum, middle temporal gyrus, putamen and frontal operculum (Table 2 and Fig. 2 ). In contrast, the major depression group showed a positive association between BAI scores and grey matter volumes in the middle temporal gyrus and superior frontal gyrus (Table 3 and Fig. 3) .
Effect of group × BDI interaction
To investigate similar differences between the groups in correlations between brain structure and self-reported depression, we tested the group (PTSD, major depression) × BDI inter action on grey matter volume. This revealed a cluster, including the right lingual gyrus, bilateral cuneus and right precuneus; and a cluster within the left fusiform gyrus (Appendix 1). Several other areas were significant at the cluster level but failed to survive FWE correction.
Following the masking approach used to examine the earlier interaction, BDI scores in the PTSD group were inversely associated with grey matter volumes in the superior frontal gyrus, fusiform gyrus, lingual gyrus and cuneus (Table 4 and Fig. 4 ). In contrast, BDI scores in the major depression group were positively associated with grey matter volumes in the cuneus and precuneus, fusiform gyrus and middle frontal gyrus (Table 5 and Fig. 5 ).
Discussion
To the best of our knowledge, this is the first study to have directly compared brain volumes in matched samples of patients with PTSD and major depression who had similar levels of depression and differed only based on the presence of PTSD. Consistent with the marked overlap in areas of brain volume reduction identified in previous studies of each disorder separately, we were not able to find evidence for unique structural changes associated with PTSD. Volume reductions were found in common predominantly in frontal areas, such as the dorsal ACC, consistent with prior studies of PTSD [6] [7] [8] [9] J Psychiatry Neurosci 2011;36(4) and depression. 13 Reductions in the rostral ACC also mirrored previous findings in studies of PTSD 10, 12 and depression. 15, 16, [18] [19] [20] Other areas in which we detected reduced volume in common included the medial orbitofrontal cortex, as previously implicated in PTSD 46 and depression. 13, 23, 24 Reduced DLPFC volume has previously been found in young adults exposed to harsh physical punishment, 47 and patients with PTSD show abnormal recruitment of DLPFC activity during a workingmemory updating task. 48 The DLPFC is also implicated in the pathophysiology of depression. 14 Of note is the absence of evidence for hippocampal reduction in the clinical samples. Findings concerning hippocampal volume have been heterogeneous, with many studies of individuals with PTSD failing to report abnormalities in this area. [49] [50] [51] [52] [53] There may be as yet undetected associations such that specific trauma histories (e.g., prolonged or childhood trauma) are more likely to be associated with changes in these areas. Hippocampal reduction may also be a preexisting vulnerability factor rather than a general consequence of PTSD. 54 As previously noted, 12 the convergent structural neuroimaging findings in patients with PTSD and those with depression raise issues about whether models of the neurocircuitry of PTSD 55 reflect common vulnerabilities to different types of psychopathology. Similar models have also been put forward to account for mood alterations in patients with depression. 14, 17 Our findings could be taken to suggest that many of the neurobiologic observations in patients with PTSD relate to common mechanisms of emotional control rather than being specific to PTSD or, alternatively, that they are due to comorbid depression.
Despite the overall lack of differences in brain volume, PTSD and depression could be distinguished by more subtle effects involving the association between scores on the continuous measures of anxiety, depression and brain volume. This adds to a previous study that found differences in functional responses to script-driven imagery in patients with PTSD with and without comorbid major depression. 56 In our data, in patients with PTSD the BAI scores were inversely associated with volumes in a number of areas, primarily involving the inferior temporal lobes, but also including frontal areas, the frontal operculum and other temporal areas. Neuroanatomical experiments in monkeys have shown that the orbital and medial prefrontal cortex is associated with an extended cortical circuit ("the orbital prefrontal network"), which includes visual association areas in the inferior temporal cortex and somatic-sensory association areas in the insula and frontal operculum. 14 The functions of this network, which is likely to be implicated in PTSD, are thought to include sensory integration and affective coding.
Integration of visual stimuli is performed by the inferior temporal structures that form part of the ventral visual stream, allowing visual events to be placed with a general temporal and spatial context. Unlike the dorsal visual stream, which supports egocentric representations of visual experience that retain a close link with the original perceptual input, visual processing in the ventral stream and related structures allows allocentric representations of scenes to be manipulated and combined in novel ways. 57, 58 It has recently been proposed 59, 60 that flashbacks in patients with PTSD arise from egocentric trauma representations within the dorsal stream that have received inadequate contextualization within the ventral visual stream. The fact that flashbacks are a symptom associated with PTSD and not depression 61 may be related to the differential patterns of correlation identified in this study.
In patients with PTSD the Beck Depression Inventory scores were inversely associated with volumes in similar regions, as well as in the superior frontal gyrus. This area has been implicated in the selection of action sets 62 and response inhibition. 63 More strikingly, however, in the major depression group BDI scores were positively associated with volumes in the cuneus and precuneus, areas involved in visual processing and imagery. It is well-established that intrusive imagery involving past life stressors is extremely common in patients with depression, 61 and more frequent intrusions are regularly associated with higher depression scores on the BDI.
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Limitations
Among the limitations of our study was that the sample consisted of individuals with PTSD arising from a variety of sources and was too small to permit the analysis of subgroups. Although this suggests the results are more likely to be generalizable, it leaves open the possibility that different results would be obtained in more homogeneous samples. A limitation of our analysis of the group effect of antidepressant use was the relatively small groups (medication-free patients with depression, n = 7). Much of the available literature is based on samples of combat veterans or sexual abuse survivors, and this may account for the fact that we did not detect volume changes in some previously identified areas, such as the hippocampus. Given the evidence that prior trauma, particularly in childhood, is a risk factor for PTSD, 66, 67 and that cumulative childhood trauma predicts greater symptom complexity, 68 future studies should enrol separate samples of patients with PTSD following single and multiple traumatic exposure and separately evaluate the effects of childhood trauma.
Conclusion
We were unable to identify differences between regions of reduced brain volumes specifically associated with PTSD and depression. Overall, areas of volume reduction are very similar, suggesting some shared deficits in mechanisms for regulating emotion. Nevertheless, each disorder reveals a distinct pattern in the relation of brain volume to continuous measures of anxiety and depression, with anxiety inversely associated with inferior temporal volumes in patients with PTSD and with depression positively associated with volumes in the cuneus and precuneus of patients with major depression. The findings underscore the fact that PTSD and depression appear to be different kinds of disorders despite high levels of comorbidity and emphasize the need for more investigations that study both conditions simultaneously and attempt to isolate their unique pathophysiologic mechanisms. 
